INTRODUCTION
the participant was voluntarily passive. Square-wave pulses (0.2 ms duration) were delivered 165 via supramaximal femoral nerve stimulation to evoke maximal potentiated twitch and triplet 166 (3 pulses at 300 Hz) contractions (24, 41) . Stimulation of the femoral nerve was achieved via trochanter. The precise location of the cathode was determined as the position that evoked the 171 greatest twitch response for a particular submaximal electrical current (typically 30-50 mA), 172 and was marked on the skin using indelible ink to ensure accurate repositioning within each 173 trial.
174
Procedure Initially discrete electrical stimuli were delivered via percutaneous stimulation of 175 the femoral nerve in the femoral triangle to elicit twitch contractions of the quadriceps. 176 Stepwise increments in the current were delivered, separated by 10 s to allow for 177 neuromuscular recovery, until plateaus were reached in the amplitude of twitch force and 178 compound muscle action potentials (M-waves). The stimulus intensity was then increased by 179 25% above the value required to elicit a plateau to ensure supramaximal stimulation. noise ratio. This may lead to the erroneous conclusion that voluntary activation is maximal 196 (i.e. 100%). Consequently, some studies have suggested the use of multiple stimuli (48, 63, 197 72). Furthermore, triplets may offer advantages over potentiated twitches as an indicator of 198 peripheral fatigue since pilot data from our lab and that of de Haan (28, 29) has found the 199 force evoked by 300 Hz bursts (3-8 pulses) to be insensitive to potentiation, and because they 200 evoke much greater force than potentiated twitches they may better reflect the functional 201 changes observed during maximal voluntary contractions.
202
The maximum voluntary force (MVF) of the quadriceps was defined as the greatest 203 instantaneous force produced during the relevant series of MVCs. (QEMGmax) value and normalized to the peak-to-peak amplitude of the M-wave (see below) 208 to provide a measure of neuromuscular activation. Potentiated twitches were measured for 209 peak force and the amplitude of M-wave response for the three quadriceps electrodes, which 210 were then averaged across the three sites to provide a mean quadriceps value. Mean 211 quadriceps M-wave amplitude and potentiated peak twitch force were averaged across the 212 latter four twitch contractions (i.e. after the 3 rd and 4 th MVC) within each time period because 213 it typically takes three MVC's to fully potentiate twitches (49 where the triplet force increment refers to that produced by superimposed triplet stimulation.
222
The highest voluntary activation of the two MVCs was retained for analysis. Assessment of 223 neuromuscular function (from the first MVC to the last triplet) took 2 min.
224
Maximal incremental cycling test 225 Participants initially performed a maximal incremental cycling test using an 226 electromagnetically-braked cycle ergometer (Excalibur Sport; Lode, Groningen, The 227 Netherlands). Tests began at 0 W and power was increased by discrete 20 W increments 228 every 60 s and exercise was performed to the limit of volitional tolerance or task failure (i.e.
229
cycling cadence below 60 rpm) (46). Participants wore a facemask (model 7940; Hans 230 Rudolph, Missouri, USA) connected to a flow sensor (ZAN variable orifice pneumotach;
231
Nspire Health, Oberthulba, Germany) that was calibrated using a 3 L syringe. Gas 232 concentrations were measured using fast responding laser diode absorption spectroscopy 233 sensors, which were calibrated using gases of known concentration (5% CO2, 15% O2, 234 balance N2; BOC, Guilford, UK), and ventilatory and pulmonary gas exchange variables were 235 measured breath-by-breath (ZAN 600USB; Nspire Health) as described previously (46). Peak using an automated analyzer (Biosen C_line Sport; EKF Diagnostics, Barleben, Germany).
244
An illustration of the timing of measurements taken during the experimental trials is 245 shown in Figure 1 . Each experimental trial comprised a fixed work-rate cycling test at 85% within or between trials, 95% confidence intervals (CI) for the difference were calculated (2).
306
Pearson's correlation coefficient was used to determine the relationship between selected 307 variables. Statistical significance was set at P < 0.05. Results are presented as mean  SD.
308

RESULTS
309
Cycling exercise tolerance 310 There was an effect of trial on cycling exercise duration at 85% peak W  rpm. Therefore, cycling exercise during CYC and ARM-CYC was always performed to the 317 limit of volitional tolerance rather than being terminated by the investigators.
318
Neuromuscular function 319 Baseline measures of neuromuscular function are shown in Table 1 and these were baseline (see Table 1 ) to post-cycling in CYC (89  9%, mean difference = 5.0  4.8%, 95% 338 CI = 1.4 to 8.7%, P = 0.012) and ARM-CYC (91  8%, mean difference = 3.8  4.7%, 95% 339 CI = 0.1 to 7.4%, P = 0.047). Furthermore, there was an effect of trial on the decrease in 340 voluntary activation [F(2,14) = 5.2, P = 0.021], which was greater in CYC than ISOTIME 341 (mean difference = 4.4  4.9%, 95% CI = 0.7 to 8.0%, P = 0.019) ( Fig. 3B ). was an effect of trial on the decrease in potentiated triplet force [F(2,14) = 9.0, P = 0.003], 359 which was greater in CYC than ARM-CYC (mean difference = 27  18 N, 95% CI = 5 to 48 360 N, P = 0.015) and ISOTIME (mean difference = 33  28 N, 95% CI = 11 to 54 N, P = 0.004).
361
( Fig. 3D) . 0.76  0.84 %Mmax, 95% CI = 0.03 to 1.5 %Mmax, P = 0.040) and ISOTIME (mean difference 373 = 0.91  0.87 %Mmax, 95% CI = 0.18 to 1.64 %Mmax, P = 0.014). (Fig. 4) an effect of trial on the mean of the eight heart rate measurements taken during the 11.5 min 379 period of arm-cranking in ARM-CYC or seated rest in CYC and ISOTIME (see Fig. 1 of cycling, heart rate was higher in ARM-CYC than CYC and ISOTIME (mean difference 389 from both trials = 10  6 bpm, 95% CI = 5 to 15 bpm, P < 0.001). Post-cycling, heart rate 390 was lower in ISOTIME than CYC (mean difference = 10  6 bpm, 95% CI = 3 to 16 bpm, P 391 = 0.005) and ARM-CYC (mean difference = 12  8 bpm, 95% CI = 5 to 18 bpm, P = 0.001) 392 ( Fig. 5A ). cycling [F(2,14) = 31.9, P < 0.001], which was higher in ARM-CYC than CYC (mean 403 difference = 2.3  1.0 mmolL -1 , 95% CI = 0.8 to 3.9 mmolL -1 , P = 0.003) and ISOTIME 404 (mean difference = 4.6  1.8 mmolL -1 , 95% CI = 3.1 to 6.1 mmolL -1 , P < 0.001). Post-405 cycling, [La -]B was also higher in CYC than ISOTIME (mean difference = 2.3  2.0 mmolL -1 , 406 95% CI = 0.8 to 3.8 mmolL -1 , P = 0.004) ( Fig. 5B ).
407
Rating of perceived exertion and dyspnea 408 There was a trial  time interaction for RPE [F(4,28) = 14.7, P < 0.001] and an effect 409 of trial on RPE measured after 3 min of cycling [F(2,14) = 11.7, P = 0.001], which was 410 higher in ARM-CYC than CYC (mean difference = 2.4  1.7 AU, 95% CI = 1.0 to 3.9 AU, P 411 = 0.002) and ISOTIME (mean difference = 2.3  1.9 AU, 95% CI = 0.8 to 3.8 AU, P = 412 0.003). There was also an effect of trial on RPE measured post-cycling [F(2,14) = 18.4, P < 413 0.001], which was lower in ISOTIME than CYC (mean difference = 3.3  1.9 AU, 95% CI = 414 1.4 to 5.2 AU, P = 0.001) and ARM-CYC (mean difference = 4.1  2.6 AU, 95% CI = 2.2 to 415 5.9 AU, P < 0.001) ( Fig. 6A) . was higher in ARM-CYC than CYC (mean difference = 1.9  1.4 AU, 95% CI = 0.9 to 3.0 419 AU, P < 0.001) and ISOTIME (mean difference = 2.1  1.1 AU, 95% CI = 1.0 to 3.2 AU, P < 420 0.001). There was also a main effect of trial on dyspnea measured post-cycling [F(2,14) = 421 11.8, P = 0.001], which was lower in ISOTIME than CYC (mean difference = 2.8  2.4 AU,
422
95% CI = 0.9 to 4.6 AU, P = 0.004) and ARM-CYC (mean difference = 3.1  2.6 AU, 95% 423 CI = 1.3 to 5.0 AU, P = 0.002) ( Fig. 6B) .
424
There was an effect of trial on ΔRPE/Δtime [F(2,14) = 11.7, P = 0.001], which was 425 higher in ARM-CYC than CYC (mean difference = 0.72  0.63 AUmin -1 , 95% CI = 0.25 to 426 1.21 AUmin -1 , P = 0.003) and ISOTIME (mean difference = 0.79  0.55 AUmin -1 , 95% CI 427 = 0.31 to 1.27 AUmin -1 , P = 0.002) ( Table 2 ). There was also an effect of trial on 428 19
Δdyspnea/Δtime [F(2,14) = 4.5, P = 0.031], which was higher in ARM-CYC than ISOTIME 429 (mean difference = 0.46  0.58 AUmin -1 , 95% CI = 0.02 to 0.90 AUmin -1 , P = 0.038) ( Table   430 2).
431
There was an effect of trial on ΔRPE/Δ%time [F(2,14) = 19.1, P < 0.001] ( Fig. 6C   432 and Table 2 ), which was lower in ISOTIME than CYC (mean difference = 0.03  0.01 433 AU%time -1 , 95% CI = 0.01 to 0.05 AU%time -1 , P < 0.001) and ARM-CYC (mean 434 difference = 0.04  0.02 AU%time -1 , 95% CI = 0.02 to 0.05 AU%time -1 , P < 0.001). There 435 was also an effect of trial on Δdyspnea/Δ%time [F(2,14) = 7.5, P = 0.006] ( Fig. 6D and Table   436 2), which was lower in ISOTIME than CYC (mean difference = 0.03  0.01 AU%time -1 , 95% 437 CI = 0.01 to 0.05 AU%time -1 , P = 0.006) and ARM-CYC (mean difference = 0.02  0.01 438 AU%time -1 , 95% CI = 0.001 to 0.04 AU%time -1 , P = 0.036).
439
When data from CYC and ARM-CYC were pooled, ΔRPE/Δtime was negatively 440 correlated with the time to the limit of cycling exercise tolerance (r = -0.74, P = 0.001). tolerance after prior upper body exercise. 456 We recently showed that high-intensity cycling exercise tolerance was reduced by a ventilation was not measured in the present study and thus it cannot be ruled out that the 537 greater Δdyspnea/Δtime during ARM-CYC resulted, in part, from a greater ventilatory 538 response (10). However, afferents involved in the perception of dyspnea and limb discomfort 539 project to the same sensorimotor brain areas (62) and, therefore, a heightened level of one 540 perception may potentiate the other. In support, quadriceps fatigue induced by sustained 541 contractions increased dyspnea during a subsequent inspiratory loaded breathing challenge 542 without affecting breathing pattern or pleural pressure swings (37). Thus although we could 543 not elucidate the precise causative mechanism(s), we propose that the greater ΔRPE/Δtime 544 and Δdyspnea/Δtime during ARM-CYC reflects, in part, greater ensemble group III/IV 545 afferent projections to integrated sensorimotor brain structures due to cycling commencing 546 with pre-existing afferent input originating from the previously exercised respiratory (50) and known as teleoanticipation (76), so that exercise terminates at a critical sensory tolerance 565 limit (32, 58, 60, 75). By limiting exercise tolerance the sensory tolerance limit will, therefore, 566 also mediate the degree of peripheral fatigue incurred, which is consistent with the findings 567 of recent studies using the isolated knee extensor exercise model (10, 68). We note, however, 568 that the limit of cycling exercise tolerance during CYC and ARM-CYC was sometimes 569 associated with submaximal RPE and dyspnea, suggesting that additional influences, such as 570 psychological factors (15, 54), were also mediating the limit of exercise tolerance.
571
In conclusion, reductions in cycling exercise tolerance due to prior upper body Measurements at 0 min and 0 %time were taken immediately before the start of cycling 856 exercise. X-error bars in A and B are omitted at the end of cycling exercise to improve clarity. 857 Significant difference (P < 0.01): **ARM-CYC vs. CYC and ISOTIME; + CYC and ARM-858 CYC vs. ISOTIME at the end of cycling.
